
Ñîîáùåíèå î ÿçûêå Active OberonPatrik Reali ∗27 îêòÿáðÿ 2004 ã.
1 ÂâåäåíèåActive Oberon ÿâëÿåòñÿ ðàñøèðåíèåì îðèãèíàëüíîãî ÿçûêà Oberon [29,30]. Åãî öåëü � ââåäåíèå â ÿçûê ñâîéñòâ äëÿ âûðàæåíèÿ ïàðàëëåëèçìàïîñðåäñòâîì àêòèâíûõ îáúåêòîâ (active objects). Äàííûé îò÷åò ïðåäïî-ëàãàåò çíàêîìñòâî ñ ÿçûêîì Oberon; îïèñûâàþòñÿ òîëüêî ðàñøèðåíèÿÿçûêà.Ïðîåêòèðîâàíèå ðàñøèðåíèÿ ÿçûêà íàïðàâëÿëîñü íà äîñòèæåíèå óíè-ôèêàöèè è ãàðìîíèè. Èçìåíåíèÿ îñíîâàíû íà óñòîÿâøèõñÿ êîíöåïöèÿõ,òàêèõ êàê îáëàñòü äåéñòâèÿ è ëîêàëüíîñòü. Îáîñíîâàíèÿ, âûõîäÿùèå çàðàìêè Active Oberon, îïèñàíû â [10].1.1 ÁëàãîäàðíîñòèÁîëüøîå ñïàñèáî B. Kirk, A. Fischer, T. Frei, J. Gutknecht, D. Lightfoot, èP. Muller çà ðåöåíçèþ äàííîãî äîêóìåíòà, çà âíåñåíèå ïîïðàâîê è óëó÷-øåíèé, à òàê æå Âëàäèìèðó Ëîñþ çà óñîâåðøåíñòâîâàíèå ïðèìåðà ¾áà-ðüåð¿.1.2 Ïðåäûñòîðèÿ è ðîäñòâåííûå ðàáîòûÐàçðàáîòêà ÿçûêîâ ïðîãðàììèðîâàíèÿ â ETH Zurich èìååò áîãàòûå òðà-äèöèè. ßçûê Oberon � ýòî ïîñëåäíèé íàñëåäíèê ñåìåéñòâà Algol, Pascalè Modula. Pascal [16] çàäóìûâàëñÿ êàê ÿçûê äëÿ ïðåäñòàâëåíèÿ ìàëåíü-êèõ ïðîãðàìì; ïðîñòîòà è êîìïàêòíîñòü ñäåëàëè åãî îñîáåííî ïîäõîäÿ-ùèì äëÿ îáó÷åíèÿ ïðîãðàììèðîâàíèþ. Modula [28] ýâîëþöèîíèðîâàëà èçPascal êàê ÿçûê äëÿ ñèñòåìíîãî ïðîãðàììèðîâàíèÿ, è èçâëåêëà ïîëüçó èç
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ïðàêòè÷åñêîãî îïûòà, ïîëó÷åííîãî ïðè ïðîåòèðîâàíèè ðàáî÷åé ñòàíöèèLilith [22] è îïåðàöèîííîé ñèñòåìû Medos [17]. Íåîáõîäèìîñòü ïîääåðæêèïàðàäèãìû ¾ïðîãðàììèðîâàíèÿ â áîëüøîì¿ áûëà ñòèìóëîì äëÿ ñîçäà-íèÿ Oberon [29]. Ïëàòôîðìû Ceres [6] è Chameleon [12], îïåðàöèîííàÿñèñòåìà Oberon [11] � ýòè ïðîåêòû ðàçðàáàòûâàëèñü ïàðàëëåëüíî ñ ïðî-åêòèðîâàíèåì ÿçûêà, ÷òî ïîçâîëèëî èñïûòàòü è îöåíèòü åãî óäîáñòâî.Ìíîæåñòâî ðàñøèðåíèé ÿçûêà Oberon áûëî ïðåäëîæåíî êàê â ETH,òàê è âíå åãî. Object Oberon [19], Oberon-2 [18], è Froderon [7] èññëå-äóþò äîáàâëåíèå äîïîëíèòåëüíûõ îáúåêòíî-îðèåíòèðîâàííûõ ñâîéñòâ âÿçûê; Oberon-V [9] ïðåäëàãàåò äîïîëíåíèÿ äëÿ ïîääåðæêè ïàðàëëåëüíûõîïåðàöèé íà âåêòîðíûõ êîìïüþòåðàõ; Oberon-XSC [15] äîáàâëÿåò ìàòå-ìàòè÷åñêèå âîçìîæíîñòè äëÿ ïîääåðæêè íàó÷íûõ âû÷èñëåíèé; òàêæåáûëî ïðåäëîæåíî âñòðàèâàíèå ìîäóëåé [24]. Ïàðàëëåëèçì áûë âïåðâûåäîáàâëåí â îïåðàöèîííóþ ñèñòåìó ÷åðåç ñïåöèàëüíûé ñèñòåìíûé API âConcurrent Oberon [25] è XOberon [2]; ïîïûòêà ìîäåëèðîâàíèÿ ïàðàëëå-ëèçìà ñðåäñòâàìè ñàìîãî ÿçûêà áûëà ïðåäïðèíÿòà Radenski [23].

Ðèñ. 1: Ýâîëþöèÿ ÿçûêîâ ñåìåéñòâà PascalActive Oberon � ýòî ïåðâûé ïðåäñòàâèòåëü íîâîãî ïîêîëåíèÿ ÿçûêîââ äàííîì ñåìåéñòâå. Ìû ñòàðàëèñü äîáàâèòü â ÿçûê ïîääåðæêó ïàðàëëå-ëèçìà è ìîäåëèðîâàíèÿ êîìïîíåíòîâ ÿñíûì è áåçáîëåçíåííûì ñïîñîáîì.1.3 Äèçàéí ÿçûêàÍà äèçàéí Active Oberon ïîâëèÿë îïûò, ïîëó÷åííûé ïðè ïðîåêòèðîâàíèèOberon è Oberon-2. Ìû ñëåäóåì íîòàöèè Object Oberon äëÿ îáúÿâëåíèÿêëàññîâ è ìåòîäîâ, ò. ê. ñ÷èòàåì, ÷òî äàííûé ñïîñîá âûðàçèòåëüíåå íî-òàöèè Oberon-2: ìåòîäû ïðèíàäëåæàò êëàññó è, ñëåäîâàòåëüíî, äîëæíû2



áûòü îáúÿâëåíû â êëàññå; òàêèì îáðàçîì, ïðî÷èå ìåòîäû è ïîëÿ, ëå-æàùèå â îáëàñòè âèäèìîñòè çàïèñè, ìîãóò áûòü äîñòóïíû áåç óêàçàíèÿñïåöèôèêàòîðà. Çàùèòà îò îäíîâðåìåííîãî äîñòóïà ïðè ïîìîùè ìîäè-ôèêàòîðà EXLUSIVE áîëåå ÷èòàáåëüíà, åñëè ìåòîäû ïðèíàäëåæàò îäíîéîáëàñòè âèäèìîñòè. Active Oberon îòõîäèò îò äèçàéíà Object Oberon âòîì, ÷òî çàïèñè îäíîâðåìåííî ÿâëÿþòñÿ òàê æå è êëàññàìè, ò.å. íå ïîçâî-ëÿåòñÿ ñîñóùåñòâîâàíèå êëàññîâ è çàïèñåé â îäíîé ñèñòåìå. Äðóãîå âàæ-íîå îòëè÷èå ïðîäèêòîâàíî ðåøåíèåì ïîçâîëèòü êîìïèëÿòîðó îáðàáàòû-âàòü îïåðåæàþùèå ññûëêè (forward reference). Ñèíòàêñèñ Object Oberonè Oberon-2 ðàçðàáîòàí â òîì ÷èñëå è ñ öåëüþ óïðîùåíèÿ ñîçäàíèÿ êîì-ïèëÿòîðà, ìû æå ïîñòàðàëèñü óïðîñòèòü ðàáîòó ïðîãðàììèñòîâ ïóòåìèñêëþ÷åíèÿ íåíóæíîé èçáûòî÷íîñòè îïåðåæàþùèõ îáúÿâëåíèé, ïåðåëî-æèâ òåì ñàìûì ðàáîòó íà ïëå÷è êîìïèëÿòîðà.Java [8] è C# [4] ðàçäåëÿþò íåêîòîðûå ïîõîæèå èäåè ñ Active Oberon.Îíè òàê æå ÿâëÿþòñÿ îáúåêòíî-îðèåíòèðîâàííûìè ÿçûêàìè èç ìèðà èì-ïåðàòèâíûõ ÿçûêîâ, è ìåõàíèçì çàùèòû ýêçåìïëÿðîâ îáúåêòîâ îò îäíî-âðåìåííîãî äîñòóïà òàê æå ñâÿçàí ñ ìîíèòîðàìè. Ñ äðóãîé ñòîðîíû,îíè äåëàþò àêöåíò íà îáúåêòíî-îðèåíòèðîâàííîòè â òàêîé ýêñòðåìàëü-íîé ìàíåðå, ÷òî ìåòîäû è ïîëÿ êëàññà òðàêòóþòñÿ êàê ÷àñòíûé ñëó÷àéìåòîäîâ è ïîëåé ýêçåìïëÿðà îáúåêòà, ò.ê. îíè ëåæàò â ïðîñòðàíñòâå èìåíêëàññà. Áîëåå òîãî, â Java íåò ïîëíîöåííîé ïîääåðæêè äëÿ ñòàòè÷åñêîãîðàçìåùåíèÿ ñòðóêòóð: âñå ñòðóêòóðû ðàçìåùàþòñÿ â äèíàìè÷åñêîé ïà-ìÿòè, äàæå îïðåäåëåííûå ïîëüçîâàòåëåì ìàññèâû êîíñòàíò; ïîýòîìó, ÷òîáû ïîëó÷èòü ïðèåìëèìóþ ñêîðîñòü èñïîëíåíèÿ, ïðîãðàììû Java íóæäà-þòñÿ â èñïîëüçîâàíèè ñëîæíîé è çàòðàòíîé îïòèìèçàöèè ïðè êîìïè-ëÿöèè. Âñå ÿçûêè èç ñåìåéñòâà Oberon ðàññìàòðèâàþò ìîäóëè è êëàññûêàê îðòîãîíàëüíûå ïîíÿòèÿ, êàæäîå èç íèõ îáëàäàåò ñâîåé îáëàñòüþ äåé-ñòâèÿ; ñåìàíòèêà ìîäóëÿ îòëè÷àåòñÿ îò ñåìàíòèêè êëàññà òàê, êàê ïîêà-çàíî â [26] (äëÿ ñðàâíåíèÿ, B. Meyer çàùèùàåò ïðîòèâîïîëîæíîå ìíåíèå[18]): ìîäóëè ãðóïïèðóþò ñòàòè÷åñêèå êîìïîíåíòû è ñîîòâåòñòâóþùèåðåàëèçàöèè, è ïðåäîñòàâëÿþò ïðèìèòèâû äëÿ ðàçâåðòûâàíèÿ è ñòðóê-òóèðîâàíèÿ. Íà äåëå Java è C# ââîäÿò êîíöåïöèè, òàêèå êàê ïàêåòû(packages), ïðîñòðàíñòâà èìåí (namespaces) è ñáîðêè (assemblies), êîòî-ðûå ôàêòè÷åñêè ÿâëÿþòñÿ ìîäóëÿìè, íî òîëüêî ïîä äðóãèì èìåíåì. Ìûäóìàåì, ÷òî âñå åùå îñòàþòñÿ âåñêèå ïðè÷èíû äëÿ òîãî, ÷òî áû ñòàòè÷å-ñêèå ñòðóêòóðû è ìîäóëè áûëè ÷àñòüþ ÿçûêà ïðîãðàììèðîâàíèÿ.Îïåðàòîð AWAIT ïðåäëîæåí è èññëåäîâàí Brinch Hansen [3], êîòîðûéïîêàçàë åãî êîíöåïòóàëüíóþ ïðîñòîòó è ýëåãàíòíîñòü, íî â òî æå âðåìÿäóìàë, ÷òî åãî íåëüçÿ ðåàëèçîâàòü ýôôåêòèâíî. Ìû ñíîâà ïðåäëàãàåìýòîò îïåðàòîð â Active Oberon ñ óâåðåííîñòüþ, ÷òî ýòî çíà÷èòåëüíîåóñîâåðøåíñòâîâàíèå ïî ñðàâíåíèþ ñ ñèãíàëàìè è ñåìàôîðàìè ïîòîìó,3



÷òî îí âíîñèò óíèôèêàöèþ è ÿñíîñòü; ýòî ñòàíîâèòñÿ îñîáåííî î÷åâèäíîïðè ïðîãðàììèðîâàíèè â îáúåêòíî-îðèåíòèðîâàííîì ñòèëå, äëÿ êîòîðîãîñèãíàëû è ñåìàôîðû ñîâåðøåííî íå ïîäõîäÿò â âèäó èõ íåñòðóêòóðíîãîèñïîëüçîâàíèÿ, ò.ê. îíè ìîãóò áûòü äîáàâëåíû â ïðîãðàììû ñîâåðøåííîïðîèçâîëüíûì îáðàçîì. Â äèññåðòàöèè Ïèòåðà Ìþëëåðà (Pieter Muller)[21] äîêàçûâàåòñÿ, ÷òî, ïðè îïðåäåëåííûõ îãðàíè÷åíèÿõ, îïåðàòîð AWAITìîæåò áûòü ðåàëèçîâàí ýôôåêòèâíî. ßçûê Ada 95 [14] òîæå èñïîëüçóåòêîíñòðóêò, íàçâàííûé áàðüåðû (barriers), êîòîðûé ñåìàíòè÷åñêè âåñüìàïîõîæ íà AWAIT â Active Oberon, íî òîëüêî ñ äåòàëèçàöèåé íà óðîâíåïðîöåäóð.Concurrent Oberon áûë ïåðâîé ïîïûòêîé ðåàëèçîâàòü ïàðàëëåëèçì âñèñòåìå Oberon. Ýòî áûëî ñäåëàíî ÷åðåç ñïåöèàëüíûé API, îïðåäåëÿþ-ùèé òèï Thread è ôóíêöèè äëÿ ñîçäàíèÿ, îñòàíîâêè è âîçîáíîâëåíèÿèñïîëíåíèÿ. Çàùèòà áûëà ðåàëèçîâàíà ïðè ïîìîùè îäíîãî ãëîáàëüíî-ãî ñèñòåìíîãî çàìêà (system lock). Íî íå áûëè ïðåäëæåíû ïðèìèòèâûñèíõðîíèçàöèè. Ýòà ìîäåëü òàê æå ñëàáà äëÿ Active Oberon, ò.ê. áëîêè-ðîâêè è ñèíõðîíèçàöèÿ òåñíî ñâÿçàíû (êîãäà âûïîëíÿåòñÿ ñèíõðîíèçà-öèÿ, áëîêèðîâêà ñíèìàåòñÿ), è áëîêèðóþùèé ìåõàíèçì ñëèøêîì ãðóáûé;îäèí çàìîê ñäåëàåò ìóëüòèïðîöåññîðíóþ ñèñòåìó (â êîòîðîé ìíîæåñòâîïðîöåññîâ èñïîëíÿåòñÿ îäíîâðåìåííî) áåñïîëåçíîé.2 Îáúåêòíî-îðèåíòèðîâàííûå ðàñøèðåíèÿ2.1 Óêàçàòåëü íà áåçûìÿííûå òèïû çàïèñåéTYPE(* ïðèìåð óêàçàòåëÿ íà áåçûìÿííûå òèïû çàïèñåé *)(* óêàçàòåëè íà èìåíîâàííûå òèïû çàïèñåé *)Tree = POINTER TO TreeDesc;TreeDesc = RECORD key: INTEGER; l, r: Node END;(* óêàçàòåëè íà áåçûìÿííûå òèïû çàïèñåé *)Node = POINTER TO RECORD key: INTEGER; next: Node END;DataNode = POINTER TO RECORD (Node) data: Data END;DataTree = POINTER TO RECORD (Tree) data: Data END;Òèïû Node è DataNode � óêàçàòåëè íà áåçûìÿííûå òèïû çàïèñåé(pointers to anonymous record types); Tree � óêàçàòåëü íà èìåíîâàííûéòèï çàïèñåé (pointer to named record type).4



Ýêçåìïëÿðû äàííûõ òèïîâ ìîãóò áûòü ðàçìåùåíû òîëüêî â äèíàìè-÷åñêîé ïàìÿòè (ïðè ïîìîùè NEW), ñòàòè÷åñêèå ýêçåìïëÿðû íå äîñòóïíû;ýòî âûçâàíî òåì, ÷òî òèï çàïèñåé áåçûìÿííûé è íåâîçìîæíî îïðåäåëèòüïåðåìåííóþ ýòîãî òèïà.Òèïû RECORD è POINTER TO RECORD ìîãóò áûòü áàçîâûìè òèïàìè äëÿóêàçàòåëÿ íà áåçûìÿííûé òèï çàïèñåé; òèï çàïèñåé íå ìîæåò ðàñøèðèòüóêàçàòåëü íà àíîíèìíóþ çàïèñü, òàêèì îáðàçîì âûïîëíÿåòñÿ ñâîéñòâî,ðàçðåøàþùåå òîëüêî äèíàìè÷åñêèå ýêçåìïëÿðû.2.2 Îáúåêòíûå òèïûTYPE(* îáúåêòíûå òèïû *)DataObj = OBJECT VAR data: Data; l, r: DataObj END DataObj;DataObj � ýòî îáúåêòíûé òèï (object type).Ñèíòàêñèñ òèïà OBJECT îòëè÷àåòñÿ îò ñèíòàêñèñà òèïà POINTER TORECORD; îí äîëæåí ñëåäîâàòü ïðàâèëó [ DeclSeq ] Body âìåñòî ïðàâè-ëà FieldList. Ýòî ïîäðàçóìåâàåò, ÷òî ïðîöåäóðû ìîãóò áûòü îáúÿâëåíûâíóòðè îáúåêòíîãî òèïà. Ìû íàçûâàåì èõ ìåòîäû (methods) èëè ñâÿçàí-íûå ñ òèïîì ïðîöåäóðû (type-bound procedures).Òîëüêî îáúåêòíûé òèï ìîæåò ðàñøèðèòü äðóãîé îáúåêòíûé òèï. Ýê-çåìïëÿðû îáúåêòíûõ òèïîâ äîëæíû ðàçìåùàòüñÿ äèíàìè÷åñêè ïðè ïî-ìîùè NEW, ïîä÷èíÿÿñü ïðàâèëó, ïðîäèêòîâàííîìó èíèöèàëèçàòîðàìè (Ðàç-äåë 2.4).2.3 Ñâÿçàííûå ñ òèïîì ïðîöåäóðûTYPECoordinate = RECORD x, y: LONGINT END;VisualObject = OBJECTVAR next: VisualObject;PROCEDURE Draw*; (*íàðèñîâàòü äàííûé îáúåêò*)BEGIN HALT(99); (*çàñòàâèòü ðàñøèðåíèÿ ïåðåîïðåäåëÿòü ýòîò ìåòîä*)END Draw;END VisualObject;Point = OBJECT (VisualObject)VAR pos: Coordinate; 5



PROCEDURE Draw*; (*ïåðåêðûâàåì ìåòîä Draw, îáúÿâëåííûé â VisualObject*)BEGIN MyGraph.Dot(pos.x, pos.y)END Draw;END Point;Line = OBJECT (VisualObject)VAR pos1, pos2: Coordinate;PROCEDURE Draw*;BEGIN MyGraph.Line(pos1.x, pos1.y, pos2.x, pos2.y)END Draw;END Line;VARobjectRoot: VisualObject;PROCEDURE DrawObjects*;VAR p: GraphObject;BEGIN(* ðèñóåì âñå îáúåêòû èç ñïèñêà *)p := objectRoot;WHILE p # NIL DO p.Draw; p := p.next END;END DrawObjects;Ïðîöåäóðû, îáúÿâëåííûå âíóòðè îáúåêòà, íàçûâàþòñÿ ñâÿçàííûå ñòèïîì ïðîöåäóðû (type-bound procedures) èëè ìåòîäû (methods). Ìåòî-äû àññîöèèðóþòñÿ ñ ýêçåìïëÿðîì òèïà è îïåðèðóþò èì; âíóòðè ðåàëè-çàöèè ìåòîäà, åñëè äðóãîé ìåòîä âèäåí ïî ïðàâèëàì âèäèìîñòè Oberon,òî îí äîñòóïåí áåç óêàçàíèÿ êâàëèôèêàòîðà. Ìåòîä ìîæåò ïåðåêðûâàòüäðóãîé ìåòîä ñ òàêèì æå íàçâàíèåì óíàñëåäîâàííûé îò áàçîâîãî òèïàçàïèñåé, íî ïðè ýòîì îí äîëæåí îáëàäàòü òàêîé æå ñèãíàòóðîé. Ïðèçíàêâèäèìîñòè ÿâëÿåòñÿ ÷àñòüþ ñèãíàòóðû.
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Çàìå÷àíèå: Ìû ðåøèëè îáúÿâëÿòü ìåòîäû â îáëàñòè âè-äèìîñòè îáúåêòà ïîòîìó, ÷òî îíè ïðèíàäëåæàò îáëàñòè âè-äèìîñòè çàïèñè è ìîãóò áûòü äîñòóïíû òîëüêî ÷åðåç ýêçåì-ïëÿðû çàïèñè. Ýòî óïðîùàåò îïðåäåëåíèå ìåòîäîâ (íåò ïî-ëó÷àòåëÿ êàê â Oberon-2 [20]) è äîñòóï ê ïîëÿì è ìåòîäàìñëåäóåò õîðîøî èçâåñòíûì ïðàâèëàì âèäèìîñòè Oberon. Ìûáîÿëèñü òîãî, ÷òî öèêëè÷åñêèå ññûëêè ñòàíóò ïðîáëåìîé (íà-ïðèìåð, äâà îáúåêòíûõ òèïà âçàèìíî ññûëàþòñÿ äðóã íà äðó-ãà), íî ðåøèëè, ÷òî êîíöåïòóàëüíàÿ ýëåãàíòíîñòü ÿçûêà áî-ëåå âàæíà. Ðåøåíèå ïðîáëåìû â îñëàáëåíèè ïðàâèë âèäèìîñòè� äîïóñòèòü îïåðåæàþùèå ññûëêè íà ñèìâîëû, îáúÿâëåííûåïîçäíåå â èñõîäíîì òåêñòå (ðàçäåë 4.1). Àëüòåðíàòèâíûé ñïî-ñîá çàêëþ÷àåòñÿ â ðàñøèðåíèè îïåðåæàþùèõ îïèñàíèé äî îïè-ñàíèÿ âñåãî òèïà (êàê â Object Oberon [19]). Ìû îòâåðãëè äàí-íîå ðåøåíèå â âèäó âíåñåíèÿ íåíóæíîé èçáûòî÷íîñòè â êîä èâìåñòî ýòîãî ïåðåëîæèëè ðåøåíèå ïðîáëåìû íà êîìïèëÿòîð.Äàí ýêçåìïëÿð îáúåêòà o òèïà T ñî ñâÿçàííûìè ïðîöåäóðàìè P èQ, o.P � ýòî âûçîâ ìåòîäà. Âíóòðè ìåòîäà òèïà T äðóãîé ìåòîä òèïà Tìîæåò áûòü âûçâàí êàê Q. Ìåòîä P ìîæåò âûçâàòü ìåòîä, êîòîðûé îíïåðåêðûâàåò, êàê P↑ . Ýòî ñóïåðâûçîâ è îí ìîæåò áûòü âûïîëíåí òîëüêîâíóòðè ìåòîäà.2.4 ÈíèöèàëèçàòîðûÌåòîä, ïîìå÷åííûé ñèìâîëîì & , ÿâëÿåòñÿ èíèöèàëèçàòîðîì îáúåêòà(object initializer). Ýòîò ìåòîä âûçûâàåòñÿ àâòîìàòè÷åñêè ïðè ñîçäàíèèýêçåìïëÿðà îáúåêòà. Îáúåêòíûé òèï ìîæåò èìåò íå áîëåå îäíîãî èíèöè-àëèçàòîðà. Åñëè îí åñòü, îí âñåãäà îáùåäîñòóïåí è ìîæåò áûòü âûçâàíÿâíî, êàê ìåòîä; åñëè îòñòóòñòâóåò, òî íàñëåäóåòñÿ èíèöèàëèçàòîð áà-çîâîãî òèïà. Èíèöèàëèçàòîð ìîæåò èìåòü ñèãíàòóðó îòëè÷àþùóþñÿ îòñèãíàòóðû óíàñëåäîâàííîãî èíèöèàëèçàòîðà áàçîâîãî òèïà, íî â ýòîìñëó÷àå íàèìåíîâàíèå èíèöèàëèçàòîðà òàê æå äîëæíî îòëè÷àòüñÿ.Åñëè îáúåêòíûé òèï T ñîäåðæèò èëè íàñëåäóåò èíèöèàëèçàòîð P ññèãíàòóðîé (p0: T0; .... pn: Tn), òîãäà êîíêðåòèçàöèÿ ïåðåìåííîé o:T ïðèïîìîùè NEW òðåáóåò óêàçàòü ïàðàìåòðû èíèöèàëèçàòîðà: NEW(o, p0, ..., pn).Èíèöèàëèçàòîð èñïîëíÿåòñÿ àâòîìàòè÷åñêè âìåñòå ñ NEW.
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Çàìå÷àíèå: Íåîáÿçàòåëüíûé èíèöèàëèçàòîð äåëàåò âîç-ìîæíûì ïàðàìåòðèçàöèþ òèïà. Â ÷àñòíîñòè, ýòî âåñüìàóäîáíî ïðè ðàáîòå ñ àêòèâíûìè îáúåêòàìè, ò.ê. ïàðàìåòðè-çàöèÿ ýêçåìïëÿðà äîëæíà áûòü âûïîëíåíà äî ñòàðòà àêòèâ-íîñòè. Åñëè íà ÷èñòîòó, òî íàì òàêàÿ íîòàöèÿ íå íðàâèòñÿ,íî ýòî åäèíñòâåííûé ñïîñîá, êîòîðûé ìû ñìîãëè ïðèäóìàòü,äîáàâèòü ñâîéñòâî íå ìåíÿÿ ñàì ÿçûê.TYPEPoint = OBJECT (VisualObject)VAR pos: Coordinate;PROCEDURE & InitPoint(x, y: LONGINT);BEGIN pos.x := x; pos.y := yEND InitPoint;END Point;PROCEDURE NewPoint(): Point;VAR p: Point;BEGIN NEW(p, x, y); (* âûçûâàåò NEW(p) è p.InitPoint(x, y) *)RETURN pEND NewPoint;2.5 SELFÊëþ÷åâîå ñëîâî SELF ìîæåò áûòü èñïîëüçîâàíî â ëþáîì ìåòîäå èëè âëþáîé ëîêàëüíîé ïðîöåäóðå ìåòîäà îáúåêòà. Òèï äàííîé ïåðåìåííîé ñîâ-ïàäàåò ñ òèïîì îáúåêòà è åå çíà÷åíèå ðàâíî ýêçåìïëÿðó îáúåêòà, ê êîòî-ðîìó ïðèâÿçàí ìåòîä. Ïåðåìåííàÿ èñïîëüçóåòñÿ äëÿ äîñòóïà ê îáúåêòó âñëó÷àå, åñëè íóæíà ññûëêà íà îáúåêò èëè êîãäà ïîëå èëè ìåòîä îáúåêòàïåðåêðûâàåòñÿ äðóãèì ñèìâîëîì, íàïðèìåð, ïîëå çàïèñè ïåðåêðûâàåòñÿëîêàëüíîé ïåðåìåííîé ñ òåì æå èìåíåì.TYPEListNode = OBJECTVAR data: Data; next: ListNode;PROCEDURE & InitNode (data: Data);BEGINSELF.data := data; (* èíèöèàëèçèðóåì äàííûå îáúåêòà *)8



next := root; root := SELF (* äîáàâëÿåì node â íà÷àëî ñïèñêà *)END InitNode;END ListNode;VARroot: ListNode;2.6 ÄåëåãàòûTYPEMediaPlayer = OBJECTPROCEDURE Play; .... ïîêàçàòü ôèëüì .... END Play;PROCEDURE Stop; .... îñòàíîâèòü ôèëüì .... END Stop;END MediaPlayer;ClickProc = PROCEDURE {DELEGATE};Button = OBJECTVARonClick: ClickProc;caption: ARRAY 32 OF CHAR;PROCEDURE OnClick;BEGIN onClick END OnClick;PROCEDURE & Init(caption: ARRAY OF CHAR; onClick: ClickProc);BEGIN SELF.onClick := onClick; COPY(caption, SELF.caption)END Init;END Button;PROCEDURE Init(p: MediaPlayer);VAR b0, b1, b2: Button;BEGIN(* Ïåðåçàãðóçêà -> âûçâàòü ñèñòåìíóþ ôóíêöèþ *)NEW(b0, "Reboot", System.Reboot);(* Èíòåðôåéñ MediaPlayer: ñâÿçûâàåì êíîïêè ñ ýêçåìïëÿðîì ïëååðà *)NEW(b1, "Play", p.Play);NEW(b2, "Stop", p.Stop);END Init; 9



Äåëåãàòû ïîäîáíû ïðîöåäóðíûì òèïàì; îíè ñîâìåñòèìû êàê ñ ïðîöå-äóðàìè òàê è ñ ìåòîäàìè, â òî âðåìÿ êàê ïðîöåäóðíûå òèïû ñîâìåñòèìûòîëüêî ñ ïðîöåäóðàìè.Äåëåãàòû ïðîöåäóðíûõ òèïîâ ïîìå÷àþòñÿ ìîäèôèêàòîðîì DELEGATE.Äåëåãàòàì ìîãóò áûòü íàçíà÷åíû ïðîöåäóðû è ìåòîäû. Ïóñòü äàíû ïåðå-ìåííàÿ ñ ïðîöåäóðíûì òèïîì t, ýêçåìïëÿð îáúåêòà o è ìåòîä M ñâÿçàí-íûé ñ o, òîãäà ìîæíî çàïèñàòü o.M â t, åñëè êîíå÷íî ìåòîä è t îáëàäàþòñîâìåñòèìûìè ñèãíàòóðàìè. Ññûëêà íà ñàì îáúåêò èñêëþ÷àåòñÿ èç ñèã-íàòóðû ïðîöåäóðíîãî òèïà. Âñÿêèé ðàç ïðè âûçîâå t íàçíà÷åííûé îáúåêòo ÿâíî ïåðåäàåòñÿ â self-ññûëêó (self-reference). Ïðèñâàèâàíèÿ è âûçîâûïðîöåäóð îñòàþòñÿ ñîâìåñòèìûìè ñ îïèñàíèåì Oberon.2.7 Îïèñàíèÿ (de�nitions)Îïèñàíèå (de�nition) � ýòî ñèíòàêñè÷åñêèé êîíòðàêò 1, îïðåäåëÿþùèéíàáîð ñèãíàòóð ìåòîäîâ. Îïèñàíèå D0 ìîæåò áûòü óòî÷íåíî íîâûì îïè-ñàíèåì D1, êîòîðîå íàñëåäóåò âñå ìåòîäû, îáúÿâëåííûå â D0. Îïèñàíèÿè èõ ìåòîäû âèäèìû ãëîáàëüíî. Îáúåêò ìîæåò ðåàëèçîâàòü îäíî èëèíåñêîëüêî îïèñàíèé, â ýòîì ñëó÷àå îí îáÿçóåòñÿ ðåàëèçîâàòü âñå ìåòîäûîïðåäåëåííûå â ýòèõ îïèñàíèÿõ.DEFINITION Runnable;PROCEDURE Start;PROCEDURE Stop;END Runnable;DEFINITION Preemptable REFINES Runnable;PROCEDURE Resume;PROCEDURE Suspend;END Preemptable;TYPEMyThread = OBJECT IMPLEMENTS Runnable;PROCEDURE Start;BEGIN .... END Start;PROCEDURE Stop;BEGIN .... END Stop;1[1] îïèñûâàåò ÷åòûðå óðîâíÿ êîíòðàêòîâ: 1. ñèíòàêñè÷åñêèé êîíòðàêò (ñèñòåìàòèïîâ); 2. ïîâåäåí÷åñêèé êîíòðàêò (èíâàðèàíòû, ïðåäóñëîâèÿ è ïîñòóñëîâèÿ); 3. êîí-òðàêòû ñèíõðîíèçàöèè; 4. êîíòðàêòû êà÷åñòâà óñëóã10



END MyThread;Êëþ÷åâîå ñëîâî IMPLEMENTS èñïîëüçóåòñÿ äëÿ óêàçàíèÿ îïèñàíèé, ðå-àëèçîâàííûõ îáúåêòíûì òèïîì. Îáúåòíûé òèï ìîæåò ðåàëèçîâàòü íåñêîëü-êî îïèñàíèé.Îïèñàíèÿ ìîæíî ïîíèìàòü êàê äîïîëíèòåëüíûå ñâîéñòâà, êîòîðûìèäîëæåí îáëàäàòü îáúåêò, íî êîòîðûå îðòîãîíàëüíû èåðàðõèè òèïîâ îáú-åêòîâ. Ìåòîä îáúåêòà ìîæåò áûòü âûçâàí ÷åðåç îïèñàíèå, â ýòîì ñëó÷àåâî âðåìÿ èñïîëíåíèÿ ïðîâåðÿåòñÿ, äåéñòâèòåëüíî ëè ýêçåìïëÿð îáúåêòàðåàëèçóåò îïèñàíèå, è òîëüêî ïîñëå ýòîãî âûçûâàåòñÿ ìåòîä; åñëè ýêçåì-ïëÿð îáúåêòà íå ðåàëèçóåò îïèñàíèå, òî âîçíèêàåò èñêëþ÷åíèå (run-timeexception).PROCEDURE Execute(o: OBJECT; timeout: LONGINT);BEGINRunnable(o).Start;Delay(timeout);Runnable(o).Stop;END Execute;3 Ïîääåðæêà ïàðàëëåëèçìà3.1 Àêòèâíûå îáúåêòûÎïðåäåëåíèå îáúåêòà ìîæåò âêëþ÷àòü StatBlock, íàçâàííîå òåëîì îáú-åêòà (object body). Òåëî � ýòî àêòèâíîñòü îáúåêòà, êîòîðàÿ èñïîëíÿåòñÿïîñëå òîãî, êàê ýêçåìïëÿð îáúåêòà ðàçìåùåí è èíèöèàëèçàòîð (åñëè îíåñòü) çàâåðøèë ñâîå èñïîëíåíèå; òåëî îáúåêòà ïîìå÷àåòñÿ ìîäèôèêàòî-ðîì ACTIVE. Âî âðåìÿ ðàçìåùåíèÿ îáúåêòà òàê æå ðàçìåùàåòñÿ íîâûéïðîöåññ, êîòîðûé èñïîëíÿåò òåëî ïàðàëëåëüíî; òàêîé îáúåêò íàçûâàåòñÿàêòèâíûì îáúåêòîì (active object).Åñëè íå óêàçàí ìîäèôèêàòîð ACTIVE, òåëî èñïîëíÿåòñÿ ñèíõðîííî;âûõîä èç NEW ïðîèñõîäèò òîëüêî ïîñëå òîãî, êàê èñïîëíåíèå òåëà îáúåêòàçàâåðøàåòñÿ.Ñèñòåìà ñîõðàíÿåò ÿâíûå ññûëêè íà àêòèâíûå îáúåêòû äî çàâåðøå-íèÿ èñïîëíåíèÿ àòèâíîñòè äëÿ òîãî, ÷òîáû èçáåæàòü óòèëèçàöèþ îáúåê-òà â ïðîöåññå ñáîðêè ìóñîðà. Îáúåêò ìîæåò ïåðåæèòü ñâîþ àêòèâíîñòü.TYPE(* îïðåäåëÿåì îáúåêò è åãî ïîâåäåíèå *)Object = OBJECT 11



BEGIN {ACTIVE} (* òåëî îáúåêòà *)... äåëàåì ÷òî-ëèáî ...END Object;PROCEDURE CreateAndStartObject;VAR o: Object;BEGIN... NEW(o); ...END CreateAndStartObject;Àêòèâíîñòü îáúåêòà çàâåðøàåòñÿ ïîñëå çàâåðøåíèÿ èñïîëíåíèÿ òåëàîáúåêòà. Ïîêà èñïîëíÿåòñÿ òåëî, îáúåêò ïðîäîëæàåò ñóùåñòâîâàòü (íà-ïðèìåð, îí íå ìîæåò áûòü óòèëèçèðîâàí ïðè ñáîðå ìóñîðà). Ïîñëå ýòîãîîáúåêò ñòàíîâèòñÿ ïàññèâíûì è ìîæåò áûòü óòèëèçèðîâàí â ñîîòâåñòâèèñ îáû÷íûìè ïðàâèëàìè.3.2 ÇàùèòàStatement Block � ýòî ïîñëåäîâàòåëüíîñòü îïåðàòîðîâ, çàêëþ÷åííàÿ ìåæ-äó BEGIN è END. Îí ìîæåò èñïîëüçîâàòüñÿ â ëþáîì ìåñòå êàê è ïðî-ñòîé îïåðàòîð. Áîëåå ïîëåçíî èñïîëüçîâàòü åãî âìåñòå ñ ìîäèôèêàòîðîìEXCLUSIVE äëÿ ñîçäàíèÿ êðèòè÷åñêîé îáëàñòè äëÿ çàùèòû îïåðàòîðîâ îòîäíîâðåìåííîãî èñïîëíåíèÿ.PROCEDURE P;VAR x, y, z: LONGINT;BEGINx := 0;BEGINy := 1END;z := 3END P;Îáúåêò ìîæåò ðàññìàòðèâàòüñÿ êàê ðåñóðñ è ðàçëè÷íûå àêòèâíîñòèìîãóò ïîòåíöèàëüíî ñîðåâíîâàòüñÿ çà åãî èñïîëüçîâàíèå èëè çà ýêñêëþ-çèâíûé äîñòóï ê ïðåäîñòàâëÿåìûì èì ñðåäñòâàì; â òàêîì ñëó÷àå çàùèòàäîñòóïà íåîáõîäèìà. Íàøà ìîäåëü çàùèòû � ìîíèòîð, ðàçìåùåííûé âýêçåìïëÿðå îáúåêòà (instance-based monitor.).(* Ïðîöåäóðû Set è Reset âçàèìíî èñêëþ÷àåìû *)TYPE 12



MyContainer = OBJECTVAR x, y: LONGINT; (* Èíâàðèàíò: y = f(x) *)PROCEDURE Set(x: LONGINT);BEGIN {EXCLUSIVE} (* èçìåíåíèå x è y àòîìàðíî *)SELF.x := x; y := f(x)END Set;PROCEDURE Reset;BEGIN...BEGIN {EXCLUSIVE} (* èçìåíåíèå x è y àòîìàðíî *)x := x0; y := y0;END;....END Reset;END MyContainerÊàæäûé ýêçåìïëÿð îáúåêòà çàùèùåí è åäèíèöåé çàùèòû ÿâëÿåòñÿïðîèçâîëüíûé áëîê îïåðàòîðîâ îò îòäåëüíîãî îïåðàòîðà äî öåëîãî ìå-òîäà. Áëîê îïåðàòîðîâ ìîæåò áûòü çàùèùåí îò îäíîâðåìåííîãî äîñòóïàïðè ïîìîùè ìîäèôèêàòîðà EXLUSIVE. Àêòèâíîñòü îñòàåòñÿ íà âõîäå âýêñêëþçèâíûé áëîê äî òåõ ïîð, ïîêà äðóãàÿ àêòèâíîñòü íàõîäèòñÿ â ýêñ-êëþçèâíîì áëîêå òîãî æå ýêçåìïëÿðà îáúåêòà.Àêòèâíîñòü íå ìîæåò çàáëîêèðîâàòü îáúåêò áîëåå îäíîãî ðàçà, ïî-âòîðíûé âõîä íå äîïóñêàåòñÿ.Êàæäûé ìîäóëü ñ÷èòàåòñÿ îáúåêòíûì òèïîì ñ åäèíñòâåííûì ýêçåì-ïëÿðîì (singleton instance), òàêèì îáðàçîì åãî ïðîöåäóðû òîæå ìîãóòáûòü çàùèùåíû. Îáëàñòüþ âèäèìîñòè çàùèòû ÿâëÿåòñÿ ìîäóëü öåëèêîìêàê è âñëó÷àå ìîíèòîðîâ [13].Çàìå÷àíèå: Ðåàëèçîâàíà òîëüêî EXCLUSIVE áëîêèðîâêà:SHARED áëîêèðîâêè (êàê ýòî îïèñàíî â [10]) ìîãóò áûòü ðåà-ëèçîâàíû ÷åðåç EXCLUSIVE áëîêèðîâêè è ñîîòâåòñòâåííî íåÿâëÿþòñÿ áàçîâîé êîíöåïöèåé. Îíè èñïîëüçóþòñÿ î÷åíü ðåäêîè èõ ðåàëèçàöèÿ íå îïðàâäûâàåò óñëîæíåíèå ÿçûêà. Ðåàëèçà-öèÿ SHARED áëîêèðîâîê îïèñàíà â Ïðèëîæåíèè B.1.
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Çàìå÷àíèå: Ïîâòîðíûé âõîä â áëîêèðîâêó íå ïîääåðæèâàåò-ñÿ èç-çà êîíöåïòóàëüíîé íå÷èñòîòû (ñì. [27]) è åãî êîððåêò-íàÿ îáðàáîòêà ñòîèò äîðîãî; â íåì íåò ðåàëüíîé íåîáõîäèìî-ñòè, ò.ê. ìîæíî ïðîåêòèðîâàòü ïðîãðàììû áåç åãî èñïîëüçî-âàíèÿ. Ïîâòîðíî-âõîäèìûå áëîêèðîâêè ìîãóò áûòü ðåàëèçîâà-íû ïðè ïîìîùè ïðîñòûõ áëîêèðîâîê (ñì. Ïðèëîæåíèå B.3).3.3 ÑèíõðîíèçàöèÿTYPESynchronizer = OBJECTawake: BOOLEANPROCEDURE Wait;BEGIN {EXCLUSIVE} AWAIT(awake); awake := FALSEEND Wait;PROCEDURE WakeUp;BEGIN {EXCLUSIVE} awake := TRUEEND WakeUp;END Synchronizer;Âñòðîåííàÿ ïðîöåäóðà AWAIT èñïîëüçóåòñÿ äëÿ ñèíõðîíèçàöèè àêòèâ-íîñòè ñ ñîñòîÿíèåì ñèñòåìû. Àðãóìåíòîì AWAIT ìîæåò áûòü òîëüêî ëîãè-÷åñêîå óñëîâèå; àêòèâíîñòü ñìîæåò ïðîäîëæèòü ñâîå âûïîëíåíèå òîëüêîïîñëå òîãî, êàê óñëîâèå ñòàíåò èñòèííûì. Ïîêà óñëîâèå íå âûïîëíÿåò-ñÿ, àêòèâíîñòü îñòàåòñÿ ïðèîñòàíîâëåííîé (suspended); åñëè ýòî ïðîèñ-õîäèò âíóòðè çàùèùåííîãî áëîêà, òî áëîêèðîâêà ñíèìàåòñÿ íà âðåìÿïðèîñòàíîâêè àêòèâíîñòè (÷òî ïîçâîëÿåò äðóãèì àêòèâíîñòÿì èçìåíÿòüñîñòîÿíèå îáúåêòà è ñäåëàòü óñëîâèå èñòèííûì); àêòèâíîñòü âîçîáíîâ-ëÿåò ðàáîòó òîëüêî åñëè îíà ñìîæåò ñíîâà çàõâàòèòü áëîêèðîâêó.Ñèñòåìà îòâå÷àåò çà ïðîâåðêó óñëîâèé è çà âîçîáíîâëåíèå ðàáîòûïðèîñòàíîâëåííûõ àêòèâíîñòåé. Óñëîâèÿ âíóòðè ýêçåìïëÿðà îáúåêòà ïå-ðåïðîâåðÿþòñÿ â ñëó÷àå, êîãäà íåêîòîðàÿ àêòèâíîñòü âûõîäèò èç çàùè-ùåííîãî áëîêà òîãî æå ñàìîãî ýêçåìïëÿðà îáúåêòà. Ýòî îçíà÷àåò, ÷òîèçìåíåíèå ñîñòîÿíèÿ îáúåêòà âíå çàùèùåííîãî áëîêà íå ïðèâîäèò ê ïå-ðåâû÷èñëåíèþ óñëîâèÿ.Êîãäà íåñêîëüêî àêòèâíîñòåé ñîðåâíóþòñÿ çà îäíó è òó æå áëîêèðîâ-êó, òî àêòèâíîñòè ñ âûïîëíåííûìè óñëîâèÿìè ðàññìàòðèâàþòñÿ ðàíüøåòåõ, êîòîðûå òîëüêî õîòÿò âîéòè â çàùèùåííóþ îáëàñòü.14



Ïðèëîæåíèå B.6 äåìîíñòðèðóåò ñèíõðîíèçàöèþ âíóòðè ðàçäåëÿåìîãîáóôåðà.Çàìå÷àíèå: Ñèíõðîíèçàöèÿ çàâèñèò îò ñîñòîÿíèÿ îáúåêòà,íàïðèìåð, îæèäàíèå äîñòóïíîñòè íåêîòîðûõ äàííûõ èëè ñî-ñòîÿíèÿ äëÿ èçìåíåíèÿ. Îáúåêò èñïîëüçóåòñÿ êàê êîíòåéíåðäëÿ äàííûõ è ëþáîé äîñòóï îñóùåñòâëÿåòñÿ ÷åðåç çàùèùåí-íûå ìåòîäû èëè áëîêè. Ìû ïîäðàçóìåâàåì, ÷òî ïðè êàæäîìäîñòóïå ê çàùèùåííîìó áëîêó ïðîèñõîäèò èçìåíåíèå ñîñòîÿ-íèÿ îáúåêòà; òàêèì îáðàçîì óñëîâèÿ ïåðåïðîâåðÿþòñÿ òîëü-êî â ýòîò ìîìåíò. Ýòî îçíà÷àåò, ÷òî èçìåíåíèå ñîñòîÿíèÿîáúåêòà âíå çàùèùåííîãî áëîêà íå ïðèâîäèò ê ïåðåâû÷èñëå-íèþ óñëîâèÿ. Äëÿ ïðèíóäèòåëüíîé ïðîâåðêè óñëîâèé ìîæíîâûçâàòü ïóñòîé çàùèùåííûé ìåòîä èëè âîéòè â ïóñòîé çà-ùèùåííûé áëîê.4 Ïðî÷èå ðàñøèðåíèÿ ÿçûêàÂ äàííîì ðàçäåëå îïèñûâàþòñÿ íåñêîëüêî âàæíûõ èçìåíåíèé, ñäåëàííûõäëÿ ëó÷øåãî èíòåãðèðîâàíèÿ ðàñøèðåíèé â ÿçûê.4.1 Ïîñëåäîâàòåëüíîñòü îïðåäåëåíèé è îïåðåæàþùèåññûëêèÂ Active Oberon îáëàñü âèäèìîñòè îïèñàíèÿ ñèìâîëà ðàñïðîñòðàíÿåòñÿíà âåñü áëîê, ñîäåðæàùèé åãî. Ýòî îçíà÷àåò, ÷òî ñèìâîë ìîæåò áûòü èñ-ïîëüçîâàí äî ñâîåãî îïðåäåëåíèÿ, è ÷òî èìåíà óíèêàëüíû âíóòðè îáëàñòèâèäèìîñòè.4.2 HUGEINTÂ ÿçûê áûë äîáàâëåí 64 áèòíûé çíàêîâûé öåëûé òèï HUGEINT. Îí âïè-ñûâàåòñÿ â èåðàðõèþ ÷èñëîâûõ òèïîâ ñëåäóþùèì îáðàçîì:LONGREAL⊇REAL⊇HUGEINT⊇ LONGINT⊇ INTEGER⊇ SHORTINTÒàáëèöà 1 ïîêàçûâàåò íîâûå ïðîöåäóðû äëÿ èçìåíåíèÿ òèïà. Íèêà-êèõ íîâûõ ïðàâèë îïèñàíèÿ êîíñòàíò íå ââîäèòñÿ; êîíñòàíòû òèïèçèðó-þòñÿ â ñîîòâåòñòâèè ñ èõ çíà÷åíèåì.15



Èìÿ Òèï àðãóìåíòà Òèï ðåçóëüòàòà ÔóíêöèÿSHORT(x ) HUGEINT LONGINT èäåíòè÷íîñòü(âîçìîæíîóñå÷åíèå)LONG(x ) LONGINT HUGEINT èäåíòè÷íîñòüENTIERH(x ) âåùåñòâåííûé HUGEINT íàèáîëüøåå öå-ëîå, íå ïðåâû-øàþùåå xÒàáëèöà 1: Íîâûå ïðîöåäóðû èçìåíåíèÿ òèïà4.3 Íåòðàññèðóåìûå óêàçàòåëè (untraced pointers)Íåòðàññèðóåìûå óêàçàòåëè � ýòî óêàçàòåëè, êîòîðûå íå îòñëåæèâàþòñÿñáîðùèêîì ìóñîðà. Ñòðóêòóðà èëè îáúåêò, íà êîòîðûå ññûëàþòñÿ òîëüêîíåòðàññèðóåìûå óêàçàòåëè, ìîãóò áûòü â ëþáîé ìîìåíò óòèëèçèðîâàíûñáîðùèêîì ìóñîðà.Íåòðàññèðóåìûå óêàçàòåëè îïðåäåëÿþòñÿ ïðè ïîìîùè ìîäèôèêàòîðàUNTRACED.TYPE Untraced = POINTER {UNTRACED} TO T;4.4 Íîâîå äëÿ IA32Ôóíêöèè èç òàáëèöû 2 áûëè äîáàâëåíû â êîìïèëÿòîð äëÿ ïëàòôîðìûIntel IA32.PUTx è GETx áûëè äîáàâëåíû ðàäè áåçîïàñíîñòè, äëÿ ðàáîòû ñ íåòè-ïèçèðîâàííûìè êîíñòàíòàìè.4.5 Ïðî÷ååÍåêîòîðûå ðàñøèðåíèÿ èç Oberon-2 áûëè àäàïòèðîâàíû äëÿ Active Oberon:
• ASSERT
• FOR
• ýêñïîðò òîëüêî äëÿ ÷òåíèÿ
• äèíàìè÷åñêèå ìàññèâûÏåðåìåííûå óêàçàòåëè àâòîìàòè÷åñêè èíèöèàëèçèðóþòñÿ çíà÷åíèåìNIL. 16



Èìÿ ÔóíêöèÿPUT8(adr: LONGINT; x: SHORTINT) Mem[adr] := xPUT16(adr: LONGINT; x: INTEGER)PUT32(adr: LONGINT; x: LONGINT)PUT64(adr: LONGINT; x: HUGEINT)GET8(adr: LONGINT): SHORTINT RETURN Mem[adr]GET16(adr: LONGINT): INTEGERGET32(adr: LONGINT): LONGINTGET64(adr: LONGINT): HUGEINTPORTIN(port: LONGINT; x: AnyType) x := IOPort(port)PORTOUT(port: LONGINT; x: AnyType) IOPort(port) := xCLI îòêëþ÷èòü ïðåðûâàíèÿSTI âêëþ÷èòü ïðåðûâàíèÿPUTREG/GETREG êîíñòàíòûEAX, EBX, ECX, EDX, ESI, EDI, ESP, EBP 32-áèòîâûå ðåãèñòðûAX, BX, CX, DX, SI, DI 16-áèòîâûå ðåãèñòðûAL, AH, BL, BH, CL, CH, DL, DH 8-ðåãèñòðûÒàáëèöà 2: Íîâîå â ìîäóëå SYSTEM äëÿ IA32Ñïèñîê ëèòåðàòóðû[1] A. Beugnard, J.-M. J�ez�equel, N. Plouzeau, and D. Watkins. Makingcomponents contract aware. Computer, 32(7):38�45, July 1999.[2] R. Brega. Real-time kernel for the Power-PC architecture. Master's thesis,Institut f�ur Robotik, ETH Z�urich, 1995.[3] P. Brinch Hansen. Structured multiprogramming. Communications of theACM, 15(7):574�578, July 1972. Reprinted in The Search for Simplicity,IEEE Computer Society Press, 1996.[4] Microsoft Corporation. Microsoft C# Language Speci�cations. MicrosoftPress, 2001.[5] Edsger W. Dijkstra. The structure of the THE-multiprogramming system.Communications of the ACM, 11(5):341�346, May 1968.[6] H. Eberle. Development and Analysis of a Workstation Computer.Dissertation 8431, ETH Z�urich, 1987.
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[7] P. Fr�ohlich. Projekt Froderon: Zur weiteren Entwicklung derProgrammiersprache Oberon-2. Master's thesis, Fachhochschule M�unchen,1997.[8] J. Gosling, B. Joy, and G. Steele. The Java Language Speci�cation. TheJava Series. Addison-Wesley, 1st edition, 1996.[9] R. Griesemer. A Programming Language for Vector Computers.Dissertation 10277, ETH Z�urich, 1993.[10] J. Gutknecht. Do the �sh really need remote control? A proposalfor selfactive objects in Oberon. In Proc. of Joint Modular LanguagesConference (JMLC). LNCS 1024, Linz, Austria, March 1997. SpringerVerlag.[11] J. Gutknecht and N. Wirth. Project Oberon - The Design of anOperating System and Compiler. Addison-Wesley, 1992.[12] B. Heeb and C. P�ster. Chameleon: A workstation of a di�erent colour.In Field-Programmable Gate Arrays: Architectures and Tools for RapidPrototyping. Second International Workshop on Field ProgrammableLogic and Applications, pages 152�161, August 1992.[13] C. A. R. Hoare. Monitors: An operating system structuring concept.Communications of the ACM, 17(10):549�557, October 1974. Erratumin Communications of the ACM, Vol. 18, No. 2 (February), p. 95, 1975.This paper contains one of the �rst solutions to the Dining Philosophersproblem.[14] International Organization for Standardization. ISO/IEC 8652:1995:Information technology � Programming languages � Ada. InternationalOrganization for Standardization, Geneva, Switzerland, 1995.[15] P. Januschke. Oberon-XSC - Eine Programmiersprache undArithmetikbibliothek f�ur das Wissenschaftliche Rechnen. PhD thesis,Universit�at Karlsruhe, 1998.[16] K. Jensen and N. Wirth. PASCAL - User Manual and Report, volume18 of Lecture Notes in Computer Science. Springer, 1974.[17] S. E. Knudsen. Medos-2: A Modula-2 oriented operating system for thepersonal computer Lilith. Diss no. 7346, ETH Z�urich, 1983.[18] B. Meyer. Object-Oriented Software Construction. Prentice Hall, 2ndedition, 1997. 18



[19] H. M�ossenb�ock, J. Templ, and R. Griesemer. Object Oberon: Anobjectoriented extension of Oberon. Technical Report 1989TR-109,Department of Computer Science, ETH Z�urich, June 1989.[20] H. M�ossenb�ock and N. Wirth. The programming language Oberon-2.Structured Programming, 12(4):179�195, 1991.[21] P.J. Muller. The Active Object System � Design and MultiprocessorImplementation. PhD thesis, ETH Z�urich, 2002.[22] R. Ohran. Lilith: A Workstation Computer for Modula-2. Dissertation7646, ETH Z�urich, 1984.[23] A. Radenski. Introducing objects and concurrency to an imperativeprogramming language. Information Sciences, an International Journal,87(1- 3):107�122, 1995.[24] A. Radenski. Module embedding. Software - Concepts and Tools,19(3):122�129, 1998.[25] B. A. Sanders and S. Lalis. Adding concurrency to the Oberon system.In Proceedings of Programming Languages and System Architectures,Lecture Notes in Computer Science (LNCS) 782. Springer Verlag, March1994.[26] C. Szyperski. Import is not inheritance � why we need both: modules andclasses. In O. Lehrmann Madsen, editor, Proceedings, ECOOP 92, number615 in Lecture Notes in Computer Science, pages 19�32. Springer-Verlag,1992.[27] Clemens Szyperski. Component Software: Beyond Object-OrientedProgramming. ACM Press and Addison-Wesley, New York, NY, 1998.[28] N. Wirth. MODULA : A language for modular multiprogramming.Software Practice and Experience, 7:3�35, 1977.[29] N. Wirth. The programming language Oberon. Software Practice andExperience, 18(7):671�690, July 1988.[30] N. Wirth and M. Reiser. Programming in Oberon - Steps Beyond Pascaland Modula. Addison-Wesley, 1992.
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A Ñèíòàêñèñ Active OberonModule = MODULE ident `;' [ImportList] {Definition} {DeclSeq} Body ident `.'.ImportList = IMPORT ident [`:=' ident] {`,' ident [`:=' ident ]} `;'.Definition = DEFINITION ident [REFINES Qualident] {PROCEDURE ident [FormalPars] `;'} END ident.DeclSeq = CONST {ConstDecl `;'} | TYPE {TypeDecl `;'} | VAR {VarDecl `;'} | {ProcDecl `;'}.ConstDecl = IdentDef `=' ConstExpr.TypeDecl = IdentDef `=' Type.VarDecl = IdentList `:' Type.ProcDecl = PROCEDURE ProcHead `;' {DeclSeq} Body ident.ProcHead = [SysFlag] [`*' | `&'] IdentDef [FormalPars].SysFlag = `[' ident `]'.FormalPars = `(' [FPSection {`;' FPSection}] `)' [`:' Qualident].FPSection = [VAR] ident {`,' ident} `:' Type.Type = Qualident| ARRAY [SysFlag] [ConstExpr {`,' ConstExpr}] OF Type| RECORD [SysFlag] [`(' Qualident `)'] [FieldList] END| POINTER [SysFlag] TO Type| OBJECT [[SysFlag] [`(' Qualident `)'] [IMPLEMENTS Qualident] {DeclSec} Body]| PROCEDURE [SysFlag] [FormalPars].FieldDecl = [IdentList `:' Type].FieldList = FieldDecl {`;' FieldDecl}.Body = StatBlock | END.StatBlock = BEGIN [`{'IdentList`}'] [StatSeq] END.StatSeq = Statement {`;' Statement}.Statement = [Designator `:=' Expr| Designator [`(' ExprList`)']| IF Expr THEN StatSeq {ELSIF Expr THEN StatSeq}[ELSE StatSeq] END| CASE Expr DO Case {`|' Case} [ELSE StatSeq] END| WHILE Expr DO StatSeq END| REPEAT StatSeq UNTIL Expr| FOR ident `:=' Expr TO Expr [BY ConstExpr] DO StatSeq END| LOOP StatSeq END| WITH Qualident `:' Qualident DO StatSeq END| EXIT| RETURN [Expr]| AWAIT `(' Expr `)'| StatBlock].Case = [CaseLabels { `,' CaseLabels } `:' StatSeq].CaseLabels = ConstExpr [`..' ConstExpr].ConstExpr = Expr.Expr = SimpleExpr [Relation SimpleExpr].SimpleExpr = Term {MulOp Term}.Term = [`+`|'-'] Factor {AddOp Factor}.Factor = Designator[`(' ExprList`)'] | number | character | string| NIL | Set | `('Expr`)`|' 'Factor.Set = `{' [Element {`,' Element}] `}'.Element = Expr [`..' Expr].Relation = `=' | `#' | `<' | `<=' | `>' | `>=' | IN | IS.MulOp = `*' | DIV | MOD | `/' | `&' .AddOp = `+' | `-' | OR .Designator = Qualident { `.' ident | `['ExprList`]' | `^'| `(' Qualident `)' }.ExprList = Expr {`,' Expr}.IdentList = IdentDef {`,' IdentDef}.Qualident = [ident `.'] ident.IdentDef = ident [`*`|'-'].
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B Ïðèìåðû ñèíõðîíèçàöèèB.1 ×èòàòåëè è ïèñàòåëèMODULE ReaderWriter;TYPERW = OBJECT(* n = 0, ïóñòî *)(* n < 0, n ïèñàòåëåé *)(* n > 0, n ÷èòàòåëåé *)VAR n: LONGINT;PROCEDURE EnterReader*;BEGIN {EXCLUSIVE}AWAIT(n >= 0); INC(n)END EnterReader;PROCEDURE ExitReader*;BEGIN {EXCLUSIVE}DEC(n)END ExitReader;PROCEDURE EnterWriter*;BEGIN {EXCLUSIVE}AWAIT(n = 0); DEC(n)END EnterWriter;PROCEDURE ExitWriter*;BEGIN {EXCLUSIVE}INC(n)END ExitWriter;PROCEDURE & Init;BEGIN n := 0END Init;END RW;END ReaderWriter.Îáðàçåö ×èòàòåëè � Ïèñàòåëè ðåãóëèðóåò äîñòóï ê äàííûì â êðèòè-÷åñêîé ñåêöèè. Ëèáî îäèí Ïèñàòåëü (àêòèâíîñòü, èçìåíÿþùàÿ ñîñòîÿíèåîáúåêòà), ëèáî íåñêîëüêî ×èòàòåëåé (àêòèâíîñòè, íå èçìåíÿþùèå ñîñòî-ÿíèå îáúåêòà) äîïóñêàþòñÿ â êðèòè÷åñêóþ ñåêöèþ â ïðåäîñòàâëåííîåâðåìÿ.
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B.2 ÑèãíàëûTYPESignal* = OBJECTVARin: LONGINT; (* ñëåäóþùèé áèëåò äëÿ âûäà÷è *)out: LONGINT; (* ñëåäóþùèé áèëåò äëÿ îáñëóæèâàíèÿ *)(* ýëåìåíòû ñ (out <= ticket < in) äîëæíû æäàòü *)PROCEDURE Wait*;VAR ticket: LONGINT;BEGIN {EXCLUSIVE}ticket := in; INC(in); AWAIT(ticket - out < 0)END Wait;PROCEDURE Notify*;BEGIN {EXCLUSIVE}IF out # in THEN INC(out) ENDEND Notify;PROCEDURE NotifyAll*;BEGIN {EXCLUSIVE}out := inEND NotifyAll;PROCEDURE & Init;BEGIN in := 0; out := 0END Init;END Signal;Signal ðåàëèçóåò ïðèìèòèâû äëÿ ðàáîòû ñ ñèãíàëàìè Active Oberonïîäîáíî òîìó, êàê ýòî ñäåëàíî â Java è Modula-2. Îí èñïîëüçóåò ñëåãêàèçìåíåííûé ticket-algorithm. Êàê â íåêîòîðûõ ìàãàçèíàõ, êàæäûé ïîêó-ïàòåëü ïîëó÷àåò çàíóìåðîâàíûé áèëåò, ýòî ãàðàíòèðóåò, ÷òî ïîêóïàòåëèáóäóò îáñëóæåíû â ïîðÿäêå èõ ïðèáûòèÿ.
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B.3 Ïîâòîðíî âõîäèìûå áëîêèðîâêèReentrantLock* = OBJECTVARlockedBy: PTR;depth: LONGINT;PROCEDURE Lock*;VAR me: PTR;BEGIN {EXCLUSIVE}me := AosActive.CurrentThread();AWAIT((lockedBy = NIL) OR (lockedBy = me));lockedBy := me;INC(depth)END Lock;PROCEDURE Unlock*;BEGIN {EXCLUSIVE}DEC(depth);IF depth = 0 THEN lockedBy := NIL ENDEND Unlock;END ReentrantLock;ReentrantLock ïîçâîëÿåò áëîêèðîâàòü îáúåêò åãî õîçÿèíîì áîëåå îä-íîãî ðàçà. Êëèåíòû ýòîãî îáúåêòà äîëæíû ÿâíî èñïîëüçîâàòü Lock èUnlock âìåñòî ïîìåòêè çàùèùàåìîãî ó÷àñòêà îïåðàòîðîì EXCLUSIVE.
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B.4 Áèíàðíûé è îáùèé ñåìàôîðûMODULE Semaphores;TYPESem* = OBJECT (* Áèíàðíûé ñåìàôîð *)VAR taken: BOOLEANPROCEDURE P*; (* âîéòè *)BEGIN {EXCLUSIVE}AWAIT(~taken); taken := TRUEEND P;PROCEDURE V*; (* âîéòè *)BEGIN {EXCLUSIVE}taken := FALSEEND V;PROCEDURE & Init;BEGIN taken := FALSEEND Init;END Sem;GSem* = OBJECT (* Îáùèé ñåìàôîð *)VAR slots: LONGINT;PROCEDURE P*;BEGIN {EXCLUSIVE}AWAIT(slots > 0); DEC(slots)END P;PROCEDURE V*;BEGIN {EXCLUSIVE}INC(slots)END V;PROCEDURE & Init(n: LONGINT);BEGIN slots := nEND Init;END GSem;END Semaphores.Ýòî õîðîøî èçâåñòíûå ñèíõðîíèçèðóþùèå ïðèìèòèâû Äåéêñòðû [5].Çàìåòèì, ÷òî âîçìîæíîñòü ðåàëèçîâàòü ñåìàôîðû ïîêàçûâàåò, ÷òî ìî-äåëü Active Oberon äîñòàòî÷íî ìîùíàÿ äëÿ ïîääåðæêè çàùèòû è ñèí-õðîíèçàöèè ïàðàëëåëüíûõ ïðîöåññîâ.
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B.5 ÁàðüåðûMODULE Barriers;(*Áàðüåð èñïîëüçóåòñÿ äëÿ ñèíõðîíèçàöèè N àêòèâíîñòåé.*)TYPEBarrier = OBJECTVAR in, out, N: LONGINT;PROCEDURE Enter*;VAR i: LONGINT;BEGIN {EXCLUSIVE}INC(in);AWAIT (in >= N);INC(out);IF (out = N) THEN in := 0; out := 0 END;END Enter;PROCEDURE & Init (nofProcs: LONGINT);BEGINN := nofProcs; in := 0; out := 0;END Init;END Barrier;END Barriers.Áàðüåð èñïîëüçóåòñÿ äëÿ ñèíõðîíèçàöèè àêòèâíîñòåé äðóã ñ äðóãîì.Åñëè àêòèâíîñòè îïðåäåëåíû êàê
Pi = Phasei,0; Phasei,1; . . . Phasei,nòî áàðüåð èñïîëüçóåòñÿ äëÿ ãàðàíòèè òîãî, ÷òî âñå àêòèâíîñòè âûïîë-íÿò Phasei,j äî íà÷àëà Phasei,j+1. Îòäåëüíûé ïîòîê èñïîëíåíèÿ áóäåòâûãëÿäåòü ïîäîáíî ñëåäóþùåìó:FOR j := 0 TO N DOPhase(i, j); barrier.EnterEND;Áàðüåð ñáðàñûâàåò ñ÷åò÷èê in ïîñëå âûïîëíåíèÿ óñëîâèÿ ÷òîáû èç-áåæàòü ïåðåïîëíåíèÿ. Ýòî âîçìîæíî ïîòîìó, ÷òî àêòèâíîñòè, ïîâòîðíîçàïðàøèâàþùèå áëîêèðîâêó ÷åðåç èíñòðóêöèþ AWAIT, èìåþò áîëåå âû-ñîêèé ïðèîðèòåò ïî ñðàâíåíèþ ñ àêòèâíîñòÿìè, çàïðàøèâàþùèìè áëî-êèðîâêó â ïåðâûé ðàç â òîì æå áëîêå EXCLUSIVE.
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B.6 Îãðàíè÷åííûé áóôåðMODULE Buffers;CONSTBufLen = 256;TYPE(* Buffer - FIFO áóôåð *)Buffer* = OBJECTVARdata: ARRAY BufLen OF INTEGER;in, out: LONGINT;(* Put - âñòàâèòü ýëåìåíò â áóôåð *)PROCEDURE Put* (i: INTEGER);BEGIN {EXCLUSIVE}AWAIT ((in + 1) MOD BufLen # out); (*AWAIT ~ïîëíûé *)data[in] := i;in := (in + 1) MOD BufLenEND Put;(* Get - çàáðàòü ýëåìåíò èç áóôåðà *)PROCEDURE Get* (VAR i: INTEGER);BEGIN {EXCLUSIVE}AWAIT (in # out); (*AWAIT ~ïóñòîé *)i := data[out];out := (out + 1) MOD BufLenEND Get;PROCEDURE & Init;BEGINin := 0; out := 0;END Init;END Buffer;END Buffers.Buffer ðåàëèçóåò îãðàíè÷åííûé êîëüöåâîé áóôåð. Ìåòîäû Put è Getçàùèùåíû îò îäíîâðåìåííîãî äîñòóïà; îíè òàê æå ïðîâåðÿþò íàëè÷èåñâîáîäíîãî ìåñòà è äàííûõ ñîîòâåòñòâåííî, â ïðîòèâíîì ñëó÷àå àêòèâ-íîñòü ïðèîñòàíàâëèâàåòñÿ äî òîãî, êàê ìåñòî îñâîáîäèòüñÿ èëè ïîñòóïÿòíîâûå äàííûå.
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C Ïðèìåðû àòèâíûõ îáúåêòîâC.1 Îáåäàþùèå ôèëîñîôûMODULE Philo;IMPORT Semaphores;CONSTNofPhilo = 5; (* êîëè÷åñòâî ôèëîñîôîâ *)VARfork: ARRAY NofPhilo OF Semaphores.Sem;i: LONGINT;TYPEPhilosopher = OBJECTVARfirst, second: LONGINT;(* âèëêè äëÿ ôèëîñîôîâ *)PROCEDURE & Init(id: LONGINT);BEGINIF id # NofPhilo-1 THENfirst := id; second := (id+1)ELSEfirst := 0; second := NofPhilo-1ENDEND Init;BEGIN {ACTIVE}LOOP.... Äóìàåò....fork[first].P; fork[second].P;.... Åñò ....fork[first.V; fork[second].VENDEND Philosopher;VARphilo: ARRAY NofPhilo OF Philosopher;BEGINFOR i := 0 TO NofPhilo DONEW(fork[i]);NEW(philo[i]);END;END Philo.
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C.2 Ðåøåòî ÝðàòîñôåíàMODULE Eratosthenes; (* prk 13.09.00 *)IMPORT Out, Buffers;CONSTN = 2000;Terminate = -1; (* îõðàííèê *)TYPESieve = OBJECT (Buffers.Buffer)VAR prime, n: INTEGER; next: Sieve;PROCEDURE & Init;BEGINInit^; (* âûçûâàåò èíèöèàëèçàòîð Buffer (ñóïåðêëàñ) *)prime := 0; next := NILEND Init;BEGIN {ACTIVE}LOOPGet(n);IF n = Terminate THEN(* ïðåðâàòü âûïîëíåíèå *)IF next # NIL THEN next.Put (n) END;EXITELSIF prime = 0 THEN(* ïåðâîå ÷èñëî âñåãäà ïðîñòîå *)Out.Int(n, 0); Out.String(" ïðîñòîå"); Out.Ln;prime := n;NEW (next)ELSIF (n MOD prime) # 0 THEN(* ïåðåäàòü äàëüøå, åñëè ýòî íå ìíîæèòåëü ïðîñòîãî *)next.Put (n)ENDENDEND Sieve;PROCEDURE Start*;VAR s: Sieve; i: INTEGER;BEGINNEW(s);FOR i := 2 TO N-1 DO s.Put (i) END;s.Put(Terminate) (* èñïîëüçîâàòü îõðàííèêà äëÿ èíäèêàöèè âûïîëíåíèÿ *)END Start;END Eratosthenes.Eratosthenes èñïîëüçóåò îòñåèâàþùèé àëãîðèòì äëÿ ïîèñêà ïðîñòûõ÷èñåë. Êàæäîå ðåøåòî � ýòî àêòèâíûé îáúåêò, êîòîðûé ïåðåäàåò âñå ïî-ëó÷åííûå çíà÷åíèÿ, íå ÿâëÿþùèèåñÿ ìíîæèòåëåì ïåðâîãî ïîëó÷åííîãî÷èñëà, íà ñëåäóþùåå ðåøåòî. Ñèíõðîíèçàöèÿ îñóùåñòâëÿåòñÿ â áóôåðå.
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D Æóðíàë âåðñèé15 ìàðòà 2003 Óëó÷øåí ïðèìåð ¾Áàðüåðû¿4 àïðåëÿ 2002 Íåçíà÷èòåëüíûå èçìåíåíèÿ14 ìàðòà 2003 Ñèíòàêñèñ îïðåäåëåíèé; íåñêîëüêî íåáîëüøèõ èçìåíåíèé11 ÿíâàðÿ 2002 Íåáîëüøèå èñïðàâëåíèÿ,Statement Block ïåðåìåùåí â Protection20 äåêàáðÿ 2001 Èñòîðèÿ9 àâãóñòà 2001 Íåáîëüøèå èñïðàâëåíèÿ, äîáàâëåí ìîäèôèêàòîð Delegate19 àïðåëÿ 2001 Îáúåêòíûå òèïû âìåñòî äèíàìè÷åñêèõ çàïèñåé,ìíîæåñòâî íåáîëüøèõ óëó÷øåíèé25 ìàðòà 2001 Ðåâèçèÿ20 ôåâðàëÿ 2001 Äîáàâëåíû äåëåãàòû
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